Resonance parameters (pole masses and residues) associated with the excited states of hyperons, Λ * and Σ * , are extracted within a dynamical coupled-channels model developed recently by us [Phys. Rev. C 90, 065204 (2014)] through a comprehensive partial-wave analysis of the K − p →KN, πΣ, πΛ, ηΛ, KΞ data up to invariant mass W = 2.1 GeV. We confirm the existence of resonances corresponding to most, if not all, of the four-star resonances rated by the Particle Data Group. We also find several new resonances, and in particular propose a possible existence of a new narrow J P = 3/2 + Λ resonance that couples strongly to the ηΛ channel. The J P = 1/2 − Λ resonances located below theKN threshold are also discussed. Comparing our extracted pole masses with the ones from a recent analysis by the Kent State University group, some significant differences in the extracted resonance parameters are found, suggesting the need of more extensive and accurate data of K − p reactions including polarization observables to eliminate such an analysis dependence of the resonance parameters. In addition, the determined large branching ratios of the decays of high-mass resonances to the πΣ * andK * N channels also suggest the importance of the data of 2 → 3 reactions such as K − p → ππΛ and K − p → πKN . Experiments on measuring cross sections and polarization observables of these fundamental reactions are highly desirable at hadron beam facilities such as J-PARC for establishing the Λ * and Σ * spectrum.
I. INTRODUCTION
The spectra and structure of the excited baryons with light valence quarks (u, d, s) contain the information for understanding the non-perturbative aspects, confinements and chiral symmetry breaking, of Quantum Chromodynamics. The excited baryons are unstable and couple with meson-baryon continuum states to form nucleon resonances (N * , ∆ * ) with strangeness S = 0 and hyperon resonances (Y * = Λ * , Σ * ) with S = −1. Thus the extraction of these baryon resonances from the data of hadron-, photon-, and electron-induced mesonproduction reactions has long been an important task in the hadron physics. However, the hyperon resonances are much less understood than the nucleon resonances. This can be seen, for example, from the fact that only the Breit-Wigner masses and widths of the Λ * . In contrast, the pole positions and residues of the N * and ∆ * resonances have been well determined by many analysis groups through detailed partial-wave analyses of πN and γN reaction data. To improve the situation, a first comprehensive and systematic partial-wave analysis of K − p reaction data to extract Y * resonance parameters defined by poles of scattering amplitudes was made in 2013 by the Kent State University (KSU) group using an energy-independent approach [2] , and subsequently they extracted the pole masses of Y * resonances by making an energy-dependent fit to their determined single-energy amplitudes [3] . Recently, we have also made an extensive partialwave analysis of K − p reactions within a dynamical-model approach [4] . In this work, we present pole masses as well as residues of the Y * resonances extracted from our amplitudes determined in Ref. [4] .
Our approach in Ref. [4] is based on a dynamical coupled-channels (DCC) formulation that was developed in Ref. [5] and applied extensively to the study of N * and ∆ * resonances [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Schematically, we solve the following coupled integral equations for the T -matrix elements in each partial wave with strangeness S = −1, T β,α (p β , p α ; W ) = V β,α (p β , p α ; W ) + δ p 2 dpV β,δ (p β , p; W )G δ (p; W )T δ,α (p, p α ; W ), (1) with
where W is the invariant mass of the reaction; the subscripts α, β, δ denote theKN, πΣ, πΛ, ηΛ, and KΞ channels as well as the quasi-two-body πΣ * andK * N channels that subsequently decay to the three-body ππΛ and πKN channels; G δ is the Green's function of channel δ; M 0 Y * is the mass of a bare excited hyperon state; v α,β is defined by hadron-exchange mechanisms; and the bare vertex interaction Γ Y * ,α defines the α → Y * transition. By fitting the data of both unpolarized and polarized observables of the K − p →KN, πΣ, πΛ, ηΛ, KΞ reactions over the wide energy range from the threshold to invariant mass W = 2.1 GeV, we have constructed two models, called Model A and Model B [4] . The partial-wave amplitudes and the S-wave threshold parameters such as scattering lengths and effective ranges were then extracted from the constructed two models. The main objective of this paper is to present the Λ * and Σ * resonance parameters extracted from these two models and compare them with the results of the KSU analysis [3] .
It is useful to mention here that the extracted resonance parameters are related to the data through the mechanisms defined in the Hamiltonian of our model. Thus it is possible TABLE I. The orbital angular momentum (L) and total spin (S) of each M B channel allowed in a given partial wave. In the first column, partial waves are denoted with the conventional notation l I2J as well as (I,J P ).
l I2J (I, J P ) (L, S) of the considered partial waves KN πΣ πΛ ηΛ KΞ πΣ * K * N (πΣ * ) 1 (πΣ * ) 2 (K * N ) 1 (K * N ) 2 (K * N ) 3 S 01 (0, 2 ) (1 ,   3 2 ) (3 ,   3 2 ) (1 ,   1 2 ) (1 ,   3 2 ) (3, 2 ) (0,
to develop a theoretical understanding of the properties and structure of the extracted resonances in our approach. Such a feature is not available in the KSU approach and other similar approaches, in which the K matrix or potential are parametrized purely phenomenologically by using some polynomials, and so on. In Sec. II, we summarize notations, definitions, and formulas of the resonance parameters. In Sec. III, the resonance parameters (mass spectrum, residues, and branching ratios, etc.) extracted from our DCC models are presented for the Y * resonances located above theKN threshold, and the extracted mass spectra are compared with the one extracted from the KSU analysis. We then give a prediction for the S-wave Λ resonances located below thē KN threshold in Sec. IV, which would be interesting in relation to Λ(1405), though it is a bit off the region of our current analysis. Summary and discussions on future developments are given in Sec. V.
II. RESONANCE PARAMETERS
Since the method for extracting the resonance parameters within the considered dynamical model has been explained in detail in Refs. [12, 14, 16] , here we just summarize formulas that are needed for the presentations in this paper.
Consider the MB → M ′ B ′ reactions in the center-of-mass system, where MB and M ′ B ′ are the initial and final meson-baryon states. With the normalization k| k
for plane waves, the on-shell S matrix elements at the total scattering energy W are given for each partial wave by
Here the index MB (M ′ B ′ ) also specifies quantum numbers associated with the channel MB (M ′ B ′ ), namely, the orbital angular momentum (L), total spin (S), total angular momentum (J), parity (P ), and isospin (I). The values of these quantum numbers for the considered meson-baryon channels are summarized in Table I . The on-shell scattering amplitudes F M ′ B ′ ,M B (W ) are related to the T -matrix elements [Eq. (1)] as
with
where E a (k) = m 2 a + k 2 is the energy of a particle a with the mass m a and the threemomentum k (k ≡ | k|). For a given W , which can be complex, the on-shell momentum for the channel MB, k on M B , is defined by
The formulas and procedures to calculate the T -matrix elements within our DCC model are fully explained in Ref. [4] , and thus we will not repeat them here. As the energy W approaches a pole position M R in the complex W plane, the scattering amplitudes take the following form,
where R M ′ B ′ ,M B is the residue of F M ′ B ′ ,M B (W ) at the resonance pole M R , and B M ′ B ′ ,M B is the "background" contribution. Both R M ′ B ′ ,M B and B M ′ B ′ ,M B are constant and in general complex. The pole position (M R ) and the residue (R M ′ B ′ ,M B ) are fundamental quantities that characterize the resonance. In fact, within the resonance theory based on the Gamow vectors (see, e.g., Ref. [18] ), M R is equivalent to a complex energy eigenvalue of the total Hamiltonian of the considered system under the outgoing wave boundary conditions, and the (square-root of) residues can be associated with the strength of the transition from the resonance to a scattering state of MB and/or M ′ B ′ channel. Practically, within our approach the value of M R for a resonance can be obtained as a solution of the following equation with respect to W [12, 14, 16] :
with D −1 (W ) being the inverse of the dressed Y * resonance propagators. It is defined by [4] [
The resonance mass matrix M Y * (W ) is given by
where M It is noted [11] that Eqs. (8)- (10) give the exact resonance pole masses of the full scattering amplitudes (4) as far as the bare Y * state(s) is introduced for the considered partial wave. Otherwise, one must search for resonance poles in the complex W plane directly from the original full scattering amplitudes (4) . Since at least one bare Y * state has been introduced for each partial wave in our two models, Model A and Model B constructed in Ref. [4] , we just use Eq. (8) to search for resonance poles.
The residues R M ′ B ′ ,M B defined in Eq. (7) can be calculated by using the definition:
where C M R is an appropriate closed-path in the neighborhood of the point W = M R , circling W = M R in a counterclockwise manner. As for the partial waves for which bare Y * state(s) is introduced, however, R M ′ B ′ ,M B can also be calculated with [12, 14, 16] 
, of which expressions are explicitly given in Ref. [4] , are the dressed vertices for the nth bare Y * state; and the coefficient χ n satisfies
in the neighborhood of the point W = M R , and
We have confirmed that Eq. (12) indeed gives exactly the same value as calculated from using Eq. (11) . It should be emphasized here that the coefficient χ n represents the nth bare-state component of the fully dressed Y * resonance. In other words, it indicates the meson-baryon contents of a resonance within the dynamical reaction models [17] . For example, for the case that one bare state is contained, the coefficient χ ≡ χ 1 is given explicitly as
This is nothing but the square root of the (complex) wave function renormalization constant Z for the bare state [17] .
III. Λ * AND Σ * RESONANCES ABOVE THEKN THRESHOLD
With the formulas described in Sec. II and the analytic continuation method developed in Refs. [12, 16] , we have extracted the parameters of the Λ * and Σ * resonances from Model A and Model B constructed in Ref. [4] . In this section, we present the results for the resonances found in the energy region above theKN threshold.
A. Resonance masses
The resonance masses (pole positions), M R , are the solutions of Eq. (8) (20) resonances with the spin-parity J P = 1/2 ± , 3/2 ± , 5/2 ± , 7/2 + are extracted within the Model A (Model B) in the energy region above theKN threshold. All of these resonances are located in the Riemann surface which is nearest to the physical real W axis. The extracted resonance masses M R are listed in Table II. Because of the "incompleteness" of the current database of the K − p reactions, as discussed in Ref. [4] , there are expected to be different solutions of partial-wave analysis with similar χ 2 minima. We indicate in Table II our estimates of the uncertainties of the extracted resonance masses originating from such "indistinguishable" solutions within the available K − p reaction data. Similar uncertainties also occur in the analyses of the πN and γN reactions, as discussed, for example, in Ref. [19] . In principle, the uncertainties in a dynamical coupled-channels analysis, such as this work, should be evaluated by varying all parameters of the starting Hamiltonian simultaneously in wide ranges around the values determined in the χ 2 fits. Such a procedure is however practically not feasible since solving the coupledchannels integral equations (1) and (2) is rather time consuming and the parameter space of the constructed models is rather large.
Instead, we take a more tractable procedure described as follows. For each partial wave listed in Table I, 
where δM Y * n are taken to be complex. We then refit the K − p reaction data listed in Table II Table II . Overall, the magnitude of our estimated uncertainties are consistent with the one listed in PDG [21] 1 . One exception is the mass 
band is plotted, where the length of the band, −2Im(M R ), corresponds to the total width of the resonance. The spin and parity of the resonances are denoted as J P with P = ±, and also specified by the quantum number (l I2J ) of the associated KN partial-wave amplitudes. The horizontal dotted lines represent theKN threshold. The results from Model A and Model B constructed in Ref. [4] are compared with the ones from the KSU analysis [3] . The so-called Breit-Wigner masses and widths of the four-and three-star resonances rated by PDG [21] are also presented.
for the J P = 7/2 + Λ resonance in Model A, for which the uncertainty is not assigned because it is too large to be meaningful. Several resonances, e.g., J P = 3/2 − Λ resonances, appear in both Models A and B to have almost the same central value and uncertainty for M R . Resonances that are found in only either of Model A or B basically have large uncertainty in their masses. However, some exceptions also exist, for example, the first J P = 1/2 − Λ resonance in Model B, for which the counterpart is not found in Model A but the uncertainty for its mass is rather small. The existence of such exceptions implies that the dynamical contents of our two models are rather different from each other, yet they are hard to be distinguished with the current K − p reaction data included in our fits due to its "incompleteness" mentioned above and explained in Ref. [4] .
The Λ * and Σ * mass spectra extracted from Models A and B are compared with the results from the KSU analysis [3] in Figs. 1 and 2, respectively. In the same figures, we also indicate the mass spectra of the four-and three-star resonances assigned by PDG [21] . It should be noted that the mass spectra listed by PDG [21] are evaluated using the masses and widths from the the Breit-Wigner parametrization of the scattering amplitudes. It is now well recognized that the resonance parameters obtained with the Breit-Wigner parametrizations are not trivially related to the ones determined at the resonance pole positions. Thus the PDG values given in Figs. 1 and 2 are just for an additional reference in assessing the model dependence of the analyses. We see in Figs. 1 and 2 that the results from our two models and the KSU analysis show an excellent agreement for several resonances. However, large discrepancies are also seen between the three results, and those need to be resolved. This of course reflects the fact that the existing K − p reaction data are not sufficient to constrain the mass spectrum of Y * resonances (see Ref. [4] for the current situation of the world data for the K − p reactions). More extensive and accurate data including polarization observables are highly desirable to get convergent results.
It is interesting to see that our two models and the KSU analysis have low-lying Σ * resonances with Re(M R ) < 1.6 GeV in S 11 , P 11 , and D 13 . They may correspond to one-and two-star resonances assigned by PDG (but are not indicated in Fig. 2) . To establish such low-lying resonances, more data near theKN threshold are definitely needed.
In the following, we further discuss each of resonances shown in Figs. 1 and 2:
Our two models, Model A and Model B, and the KSU analysis all give a narrow resonance with Re(M R ) ∼ 1.67 GeV (Fig. 1) . It can be identified with the four-star Λ(1670)1/2 − of PDG (narrow black bar in the left-most column). As discussed in our previous paper [4] , this resonance is responsible for the sharp peak in the K − p → ηΛ total cross section near the threshold. This strong near-threshold effect is similar to that of N * (1535)1/2 − resonance on the πN → ηN reaction. The Λ(1670)1/2 − is also found to be responsible for a dip 2 in the K − p →KN total cross sections at W ∼ 1.67 GeV. This is presented in Fig. 3 . Other than the agreement in extracting the Λ(1670)1/2 − resonance between the three analyses, a broad resonance at Re(M R ) ∼ 1.5 GeV is found in Model B and two additional resonances are found at higher energies in the KSU analysis.
The lowest resonance at Re(M R ) ∼ 1.55 GeV shows an agreement between the three analyses. This resonance would correspond to Λ(1600)1/2 + , a three-star resonance rated by PDG. Clearly, the higher resonances are not well determined.
86 GeV is found in Model A and the KSU analysis, but not in Model B. Thus the current data are not sufficient to establish this state model independently. If this resonance corresponds to the four-star Λ(1890)3/2 + of PDG, then this is one example indicating that a four-star resonance rated by PDG using the Breit-Wigner parameters is not confirmed by the analyses in which the resonance parameters are extracted at pole positions.
The main feature of Model B is to have a new narrow Λ resonance with M R = 1671
−2 ) MeV. It locates in the energy region close to the S 01 resonance Λ(1670)1/2 − discussed above. As already discussed in our previous paper [4] , the evidence of this new narrow resonance could be seen from the K − p → ηΛ cross sections near the threshold. To see this, we compare the contributions from this resonance and the S 01 resonance Λ(1670)1/2 − to the cross sections. As shown in Fig. 4(a) , the peak of the K − p → ηΛ total cross section near the threshold calculated from Model A is completely dominated by the contribution from the S 01 partial wave that is almost entirely due to the Λ(1670)1/2 − resonance. On the other hand, we see in Fig. 4 (b) that the contribution of the S 01 partial wave in Model B is just about 60 %, and the remaining 40 % come almost entirely from the P 03 partial wave that contains this new narrow resonance. Since both models reproduce the total cross section very well, the existence of this new narrow J P = 3/2 + Λ resonance cannot be established only by considering the total cross sections. To get a deeper insight, it is necessary to at least examine its effects on the differential cross sections. The K − p → ηΛ differential cross section data near the threshold (W ∼ 1.67 GeV) show a clear concave-up angular dependence that cannot be described by the S-wave amplitudes. We see in Fig. 4(c) that the results (solid curve) from Model A, which is mainly the S 01 wave (dashed curve), do not reproduce the angular dependence well. On the other hand, the new narrow J P = 3/2 + Λ resonance extracted within Model B is found to be responsible for the reproduction of the differential cross section data. This is shown in Fig. 4(d) , suggesting that the angular dependence of the data seems to favor the existence of this new resonance. − . The KSU analysis gives an additional "new" resonance with the pole mass 1985 − i223.5 MeV. We are not able to confirm this since the imaginary part of this resonance pole would correspond to a very large total width and this resonance is perhaps outside the complex energy region considered in our search. 
The first resonance extracted from the three analyses agree very well. This resonance could correspond to the four-star Λ(1820)5/2 + listed by PDG. We however do not find the broad resonance with Re(M R ) ∼ 1.97 GeV found in the KSU analysis.
All of the three analyses find one resonance below Re(M R Table II , at this stage it is difficult to make a conclusion for the resonances in this partial wave.
A sizable analysis dependence of the extracted resonance spectrum is seen in this partial wave. A resonance at Re(M R ) ∼ 1.7 GeV is found in Model A and the KSU analysis, which may correspond to Σ(1750)1/2 − rated as three-star in PDG. However, this resonance is not found in Model B. This may be understood from the fact that the energy dependence of the S 11 partial-wave amplitudes forKN →KN, πΣ, πΛ have rapid changes at W ∼ 1.7 GeV in Model A and the KSU single energy solution, but are rather smooth in Model B (see Figs. 24 , 26, and 27 in Ref. [4] ). It is interesting to see that Model B and the KSU analysis give a low-lying resonance with Re(M R ) 1.6 GeV. This might correspond to Σ(1620)1/2 − rated as two-star by PDG.
Similar to the S 11 case, the extracted resonance spectrum in this partial wave also varies sizably between the three analyses. It is worthwhile to mention that a resonance with a low mass Re(M R ) < 1.55 GeV is found in both Model A and Model B. This might correspond to Σ(1480) or Σ(1560) in PDG, whose evidence is still poor and spin-parity has not been determined (and thus not shown in Fig. 2 ).
It is well known that the decuplet Σ(1385)3/2 + exists below theKN threshold in this partial wave. To account for the existence of this well-established resonance, we set a pole with M R = 1381 − i20 MeV (not shown in Fig. 2 ) in this partial wave as an "input data" to constrain parameters of our model Hamiltonian [4] . The resulting Models A and B, however, do not have any resonances above theKN threshold.
[Note that the resonance parameters for all of the resonances other than the decuplet Σ(1385)3/2 + are purely the "output" of our reaction models.] In contrast, the KSU analysis finds two "new" resonances as seen in the panel for "3/2 + (P 13 )" of Fig. 2 . This analysis dependence is perhaps due to the fact that the K − p →KN, πΣ, πΛ, KΞ reaction data included in our fits are not sensitive to the P 13 wave. Data for 2 → 3 reactions such as K − p → ππΛ and K − p → πKN may be needed to resolve the analysis dependence. − of PDG. This excellent agreement between the three analyses strongly suggests that the resonance spectrum of this partial wave is well established up to Re(M R ) ∼ 1.8 GeV, since the D 15 partial-wave amplitudes forKN →KN, πΣ, πΛ are well determined [4] . + of PDG, then this is another example indicating that a four-star resonance rated by PDG using the Breit-Wigner parameters is not confirmed by the analyses in which the resonance parameters are extracted at pole positions. Before closing this subsection, it is worthwhile to mention that the S-wave resonance poles located near the threshold of a two-body channel have a strong correlation with the values of the scattering length and effective range of the channel, as discussed in Ref. [23] . We can examine this by making use of the S 01 Λ(1670)1/2 − resonance that locates close to the ηΛ threshold. Near the threshold, the S-wave ηΛ scattering amplitudes can be written as
where the O(k 4 ) terms are neglected in the denominator; and a ηΛ and r ηΛ are the scattering length and effective range for the ηΛ scattering, respectively. These threshold parameters have been extracted in our previous paper [4] , and their values are: 
Substituting the above values to Eq. (19), we find that the approximated scattering amplitude (19) has a pole in the nearest Riemann energy surface at the on-shell momentum with k = 73.81 − i57.65 MeV for Model A and with k = 72.03 − i72.87 MeV for Model B. This means that the amplitude has a pole at the complex W with 
B. Residues and branching ratios
Within the Hamiltonian formulation [5] of the dynamical model employed in our analysis, it can be shown that the residues defined by Eq. (7) can be written as Tables III and IV (Tables V and VI) . Here, each resonance is specified by its quantum numbers and the value of the real part of its pole mass M R . The residues for the stable channels, MB =KN, πΣ, πΛ, ηΛ, KΞ, can be evaluated rather straightforwardly using the formulas in Sec. II. However, an additional assumption is needed to present our results for the quasi two-body channels, MB = πΣ * ,K * N. These channels decay into three-body final states. Thus their on-shell momenta, defined by two independent variables, cannot be determined uniquely at the pole position W = M R . Strictly speaking, the formulas in Sec. II cannot be used straightforwardly for the quasi two-body channels. Therefore, we have taken the following approximate procedure for MB = πΣ * ,K * N. First we recall that the dressed Σ * (K * ) mass for the πΣ * (K * N) channel within our model is 1381 − i20 MeV (899.3 − i29.7 MeV) [4] . Since the imaginary parts of their masses are small, we assume that Σ * andK * appearing in the πΣ * andK * N channels are "stable" particles with the masses 1381 MeV and 899.3 MeV, respectively. The on-shell momentum for the πΣ * andK * N channels are then uniquely determined and the residues associated with these two channels can be computed by using the formulas in Sec. II. These results are listed in Tables IV and VI. It is noted that a similar approximate procedure was also taken in Ref. [24] for the evaluation of the residues associated with πN → π∆.
We see in Figs − agrees within 1 % accuracy between Model A and Model B, but their residues differ by a factor of about 2 in magnitude. This implies that the residues are more sensitive to the analysis than the pole masses.
We now turn to discussing the branching ratios of the decays of the extracted resonances because it may provide us with an intuitive understanding for the properties of the resonances. The branching ratio for the Y * → MB decay may be defined as B M B = 2|R M B,M B |/Γ tot , where R M B,M B is the residue for the MB scattering amplitude evaluated at the pole position of the considered Y * resonance and Γ tot = −2Im(M R ) is the total width of the resonance. However, it is known that the sum of the branching ratios defined in this N ) i (i = 1, 2, 3 ) channels for a given J P are presented in Table I R manner do not necessarily equal to unity [14, 24] . This would be somewhat problematic as a notion of "ratio," and will require further studies to give a reasonable interpretation to this definition. Instead, here we will follow the procedures developed in Ref. [15] to present the branching ratios evaluated using the following equations,
Here, the "partial decay width" γ M B is defined for the stable meson-baryon channels (MB = KN, πΣ, πΛ, ηΛ, KΞ) as
For the quasi two-body channels Table III for the  description of the table. RK πΣ * andK * N that decay into ππΛ and πKN, respectively, the γ M B are given by
for the case of MB = πΣ * , and Table V of Ref. [4] are used for the Σ * andK * masses. The integrals in Eqs. (25) and (26) account for the phase space of the final three-body states. As expected, Eqs. (25) and (26) Table IV for the description of  the table. R the stable two-body channels in the limit of Σ πΣ * → 0 and ΣK * N → 0, respectively. Summing up the branching ratios defined by Eqs. (23)- (26) trivially results in unity. We have confirmed that the branching ratios defined by Eqs. (23)- (26) (23)- (26) are used for evaluating the ratios. The quantum numbers for the (πΣ * ) i (i = 1, 2) and (K * N ) i (i = 1, 2, 3) channels for a given J P are presented in Table I Branching ratios (%) Particle tios to πΣ * andK * N channels, which decay subsequently to the three-body ππΛ and πKN channels, respectively. For example, the J P = 7/2 + Σ resonance that would correspond to the four-star Σ(2030)7/2 + of PDG, namely Σ(2025)7/2 + for Model A and Σ(2014)7/2 + for Model B, has a large breaching ratio to the three-body decay channels. Interestingly, the J P = 7/2 + Σ resonance of Model A mainly decays into πKN, while that of Model B decays into ππΛ, revealing that our knowledge of the properties of this four-star resonance is still poor. This implies a particular importance of the data associated with three-body channels for establishing the high-mass Λ * and Σ * spectrum and their internal structures. This is quite similar to the case of the N * and ∆ * spectroscopy, where the data associated with the three-body ππN channel are expected to play a crucial role for establishing the high-mass N * and ∆ * resonance mass spectrum, see, e.g., Ref. [15] .
IV. S-WAVE Λ RESONANCES BELOW THEKN THRESHOLD
The nature of the S-wave (J P = 1/2 − ) Λ resonances lying below theKN threshold has long been an interesting subject since they are closely related to the extensively discussed Λ(1405) [25] . In this section, we discuss such S-wave Λ resonances extracted from our models. However, here we add a caveat that Models A and B were constructed by analyzing only the (23)- (26) are used for evaluating the ratios. The quantum numbers for the (πΣ * ) i (i = 1, 2) and (K * N ) i (i = 1, 2, 3) channels for a given J P are presented in Table I Branching ratios (%) Particle K − p reactions, and hence theKN subthreshold region is beyond the scope of our current analysis. Therefore, the results presented below should be considered as the "predictions" from our current models and are subject to change once our analysis is extended to include the data in theKN subthreshold region. For this reason, we do not evaluate the uncertainties of the masses of these resonances.
Within our model, the S-wave Λ resonances found in the region below theKN threshold are presented in Fig. 8 . The red triangles and the blue diamonds represent the pole positions obtained from Model A and Model B, respectively. Both models predict two resonance poles for the S-wave Λ resonances in theKN subthreshold region, while their positions are rather different. This indicates a need of extending our analysis to include the data in theKN subthreshold region. Higher mass poles (A1 and B1 in Fig. 8 ) seem to correspond to Λ(1405), though the pole A1 has an imaginary part somewhat larger than what is usually expected for Λ(1405). The existence of another Λ resonance with lower mass (A2 and B2 in Fig. 8 ) is similar to the result obtained in the so-called chiral unitary models (see, e.g., Ref. [26] ). In Table IX , we list the residues for the J P = 1/2 − Λ resonances presented in Fig. 8 .
Since the poles A1 and B1 are located near theKN threshold, it is interesting to examine (23)- (26) are used for evaluating the ratios. the correlation between their pole values and the S-wave threshold parameters for the I = 0 KN scattering amplitude, as done for the Λ(1670)1/2 − resonance near the ηΛ threshold (see Sec. III A). Similar to Eq. (19), the S 01K N scattering amplitude near the threshold can be written as
where a respectively. These threshold parameters have been extracted in our previous paper [4] , and their values are: 
By performing the same procedure as done for the Λ(1670)1/2 − resonance in Sec. III A, we find that the approximate amplitude (27) has a pole at the complex W with W = EK(k) + E N (k) = 1408 − i56 MeV (Model A), 1427 − i29 MeV (Model B).
We find that the above value for Model B agrees well with the exact pole mass for the pole B1, while for Model A we find a significant deviation from the pole A1. This can be understood because the position of the pole A1, as indicated in Fig.8 , is a bit far from thē KN threshold and the approximated expression (27) of the amplitude becomes less accurate than the case of the pole B1. We also see in Fig.8 that the poles A2 and B2 are even farther from theKN threshold and hence they can not be well reproduced by the poles extracted from the approximate amplitude defined by Eq. (27) .
V. SUMMARY AND FUTURE DEVELOPMENTS
We have presented the parameters associated with the Λ * and Σ * resonances extracted from our DCC models that were constructed via a comprehensive partial-wave analysis of the K − p →KN, πΣ, πΛ, ηΛ, KΞ data [4] . The extraction was accomplished by searching for poles of scattering amplitudes in the complex energy Riemann surface over the region with mK + m N < Re(W ) < 2.1 GeV and 0 < −2Im(W ) < 0.4 GeV. As a result, 18 (20) resonances are extracted from Model A (Model B) above theKN threshold. The residues and branching ratios for the extracted resonances are also presented, and their values are found to be more sensitive to differences between the analyses than the pole values.
Among the extracted resonances, a new narrow J P = 3/2 + Λ resonance with M R = 1671
−2 ) MeV is of particular interest. Currently, this resonance is only found in Model B. However, the angular dependence of the K − p → ηΛ differential cross section data seems to favor the existence of this resonance. Given the fact that this new resonance is identified only through its contribution to the spin-averaged differential cross section of the K − p → ηΛ reaction near the threshold, the polarization data would be highly desirable to have a definitive conclusion on the existence of this resonance. Also, establishing lowlying Σ * resonances in S 11 , P 11 , and D 13 waves would also be an important task for the Y * spectroscopy. By comparing the results from our two models and the KSU analysis, we found that the extracted resonance parameters have significant analysis dependence. This reflects the fact that the kinematical (W and cos θ) coverage and accuracy of the available K − p reaction data are far from "complete" and not sufficient to eliminate analysis dependence on the extracted resonance parameters. More extensive and accurate data of the K − p reactions including the differential cross sections as well as the polarization observables (the recoil polarization P and the spin-rotation parameters β, R, and A) are definitely needed to get convergent results. In fact, the data of all observables are relevant to accomplish an accurate extraction of amplitudes and resonance parameters with less analysis dependence, as discussed in, for example, Ref. [20] . An impact of unmeasured observables of the K − p → MB reactions for reducing analysis dependence has been explored in our previous paper [4] . We have also found that the high-mass Λ * and Σ * resonances have large branching ratios to the quasi two-body πΣ * andK * N channels, suggesting that the data for the 2 → 3 reactions such as K − p → ππΛ and K − p → πKN will also play an important role for establishing the highmass resonances. The experiments measuring these fundamental observables at the hadron beam facilities, such as J-PARC, will be essential for making progress in establishing the Λ * and Σ * resonances. As a byproduct of our K − p reaction analysis, we have given "predictions" for the J P = 1/2 − Λ resonances located below theKN threshold. Both of our two models predict a resonance pole just below theKN threshold, which would correspond to Λ(1405)1/2 − . Our two models also predict another J P = 1/2 − Λ resonance pole with the mass ∼30-60 MeV lower than Λ(1405)1/2 − we found. This result is similar to what is obtained within the chiral unitary models [26] . To make a decisive examination for the J P = 1/2 − Λ resonances, however, we must extend our analysis to include the data in theKN subthreshold region. Our effort, in conjunction with the recent experimental initiatives [27, 28] will be published
